SUSCEPTIBILITY OF A TRACHOMA AGENT 61

dilated intestinal bed and not to reduced out-
flow through the hepatic circuit, whose resis-
tance at this time had returned to the control
value. Evidence for such increase in intes-
tinal flow of the monkey was not seen in the
present series.

Such functional differences may account
for the difference in appearance of the intes-
tines at autopsy, for the apparent hyperemia
manifested in the canine mesenteric bed
would appear to be related to congestion.
The reason for difference in behavior of the
splanchnic circulation in the dog and mon-
key cannot now be explained. It is now con-
ceded that splanchnic pooling in the dog is
not as significant as was formerly believed
(4,5), but it has been suggested that the ob-
served congestive intestinal changes, which
involve breakdown of the mucosa and its vas-
culature, might release toxic substances into
the circulation(6). These might be proteo-
lytic breakdown products or metabolites;
alternatively, the lesions might permit the es-
cape of substances such as endotoxins and
tyramines from the intestinal lumen, In the
presence of a liver damaged by anoxia, these
substances might more readily invade the
systemic circulation, with deleterious conse-
quences(7). Another possibility is that the
canine intestinal changes predispose this
species to loss of significant amounts of fluid
and blood into the bowel, to be irretrievably
lost as bloody diarrhea.

If such mechanisms prove important in
contributing to the fatal consequence of shock
in the dog, it does not appear likely, based

on present evidence, that such are applicable
to the monkey. Thus, significant differences
in the etiology of irreversible shock in the
primate and canine appear to be indicated.

Summary. Analysis of pressure gradients
in the splanchnic bed of the monkey during a
standardized hemorrhagic shock procedure
has indicated a preponderant increase in in-
trahepatic resistance with minimal change in
mesenteric  (intestinal) resistance during
oligemia. Following restoration of the bleed-
ing volume, the control pressure relationship
was reestablished. The marked elevation of
portal venous pressure, so typical of the dog
in this phase of the hemorrhagic shock pro-
cedure, was not seen in the monkey. More-
over, the intestine of this species appeared
pale and ischemic at autopsy, contrasted to
the congested and bloody intestine of the
dog. The possible significance of the differ-
ences in behavior of splanchnic vasculature
in the primate and canine species is consid-
ered in the light of the etiology of irreversible
shock.
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Antibiotics and a Sulfa Drug.* (27706)
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In most of the reports of studies on the
effect of antibiotics and other drugs on the
agent of trachoma, fertilized eggs or labora-

* Supported by research grants from U. S. Public
Health Service and World Health Organization.

tory animals have been employed as the host
system(1,2,3,4,5,6,7). Recently it has be-
come possible to grow the T’ang strain TES5
of trachoma in cell cultures(8,9,10) and to
examine its susceptibility to drugs.
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The growth curve of the agent in FL cells
has been reported(11,12). The period of a
single growth cycle lasts 28 hours. As infec-
tion of the cells is not synchronous, it takes
72 hours for maximal infectivity to be
reached in the culture. A series of character-
istic morphological and biochemical changes
occurs during the intracellular development
of the agent, which is only infective at the
elementary body stage. The elementary bodies
stain red with Giemsa and show a green
fluorescence when stained with acridin orange
and examined in the fluorescence microscope,
due to the presence of large amounts of DNA.
Inside the cytoplasm of susceptible cells the
elementary bodies seem to increase in size.
These larger bodies, which are non-infective,
stain blue with Giemsa and red with acridin
orange, due to the presence of large amounts
of RNA. The bodies further increase in
size and within them smaller elements appear,
until the elementary body stage is reached
again, and with it infectivity reappears.

The effect of a number of antibiotics and
of a sulfa drug on the agent during its dif-
ferent stages of development in cell culture
is described here,

Materials and methods. Cell cultures. All
experiments were carried out in FL cell cul-
tures(13) grown in ordinary test tubes or
Leighton tubes in 1 ml of LY medium com-
posed of 80% Earle’s solution containing
0.45% glucose, 0.1% yeast extract (Difco)
and 0.5% lactalbumin hydrolysate (N.B. Co.)
and 20% inactivated human serum. The me-
dium also contained 0.001% phenol red, 200
pg/ml streptomycin and 10 units/ml nystatin,
Cells were obtained from stock cultures grown
in milk bottles in LY medium which con-
tained in adition to the above mentioned an-
tibiotics 200 units/ml penicillin. As it was
found(1) that penicillin inhibits the growth
of trachoma agent, FL cells were treated with
versene solution and washed with LY medium
without serum and penicillin, suspended in
growth medium without this antibiotic and
seeded to tubes. After 3-4 days the medium
was changed and the cultures were infected
with the T’ang strain of trachoma agent.

For microscopic examination cell cultures
grown on coverslips in Leighton tubes were

washed with a buffer solution (pH 7), fixed
with methyl alcohol or Carnoy’s solution and
stained with Giemsa or acridin orange(14)
respectively. Preparations stained by the lat-
ter method were examined with the fluores-
cence microscope.

Trackoma agent. The T’ang strain of
trachoma (TES55) obtained from Dr. L. H.
Collier, London, was grown in FL cells(8),
and used between the 10th and the 90th pas-
sage level. Stock suspensions of the agent
were prepared from FL cell cultures 3 days
after infection. The cells were then scraped
off the glass into the medium, after its acidity
had been neutralized by addition of one drop
of N/10 NaOH, and pipetted repeatedly
through a finely drawn out capillary pipette
to break up the large vacuoles which were
filled with infective particles. The resulting
suspensions contained up to 2.8 X 107 in-
clusion forming units per ml (see below).
Cultures 3-4 days old were infected by adding
to the culture medium 0.1 ml of such suspen-
sions, diluted 1:5 - 1:8, and reincubated at
37°C for 72 hours. Under these conditions
practically all cells became infected and
showed the characteristic inclusions.

In experiments in which infectivity titers
were determined the cultures were broken up
by ultrasonic treatment. For this purpose
the cells were suspended in medium and
treated for 40 seconds in a MSE disintegrator
with a power output of 60 watts at a fre-
quency of 20 kc/sec. The number of infec-
tive particles was determined by titration in
fresh FL monolayer cultures grown on cov-
erslips in Leighton tubes. Three days later
these cultures were fixed, Giemsa stained and
the number of vacuoles in them was counted
in at least 50 fields. The number of inclusion
forming units was determined according to
the formula of Furness et al.(15).

Drugs examined. The following antibiotics
were examined: tetracycline (Lederle), oxy-
tetracycline (Lederle), chlortetracycline (Led-
erle), chloramphenicol (Abic), erythromycin
(Abbott), penicillin V (Teva), penicillin G
(Rafa), streptomycin (Rafa), bacitracin
(Ciba), neomycin (Ciba), nystatin (Squibb).
Experiments were also carried out with the
sulfa drug sulfanilamido-3phenyl-2pyrazole
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TABLE I. Effect of Antibiotics and a Sulfa Drug
on T’ang Strain (TE55) of Trachoma Agent in FL
Cell Cultures.

Minimal dose (ug/ml) causing

Complete Partial

Drug* inhibition inhibition
Oxytetracycline 1 .0001
Tetracycline 1 .001
Chloramphenicol 1.0 .01
Erythromyein 1.0 .01
Chlortetracyeline 10.0 1.0
Penicillin Jdunitt .01 unit
Orisul 100.0t

*FL cell cultures in Leighton tubes were in-
fected with 0.1 ml of a suspension of the Tang
strain of trachoma, 0.1 ml amounts of the anti-
biotics and the sulfa drug were added immediately
and the cells reineubated at 37°C. After 72 hr, eul-
tures were fixed and stained with Giemsa and aeri-
din orange. Examinations for infectivity were
carried out by transfer of sonicated cell suspen-
sions to fresh monolayer cultures.

t At these doses trachoma agent passed through
some early stages of its developmental eycle but
infective particles were not observed.

(Orisul, Ciba) and with aminopterin (Led-
erle). Stock solutions of all drugs employed
were prepared in sterile distilled water. Alka-
line distilled water was used to dissolve the
sulfa drug. Further dilutions of all drugs
were prepared in LY medium without serum,
and amounts of 0.1 ml were added to cultures
immediately or at different intervals after in-
fection. Control cultures received 0.1 ml of
LY medium only.

For the inactivation of penicillin a purified
standardized penicillinase preparation(16)
supplied by Dr. N. Citri, Department of Bac-
teriology, Hebrew University, Jerusalem, was
added in amounts sufficient to neutralize the
drug without damaging the cultures. Solu-
ions of para-amino-benzoic acid (PABA),
folic acid and folinic acid (citrovorum factor)
prepared in distilled water were used to re-
verse the effect of the sulfa drug.

Results. Streptomycin, neomycin and baci-
tracin were without effect on the agent.
When doses between 100 and 1000 ug/ml
were added to the medium immediately after
infection the development of the agent was
as in untreated control cultures. All succeed-
ing experiments were carried out in the pres-
ence of 200 pg/ml of streptomycin. Also in-
cluded in the medium were 10 units/ml of ny-

statin which proved to have no effect on the
development of the agent.

The other antibiotics examined inhibited
the growth cycle of the T’ang (TES5S5) strain
(Table I). Doses of 0.1 ug/ml of tetracycline
and oxytetracycline and of 10 pg/ml of chlor-
tetracycline, when added to the culture me-
dium immediately after infection of the cells,
completely prevented multiplication of the
agent. In the presence of these and higher
concentrations of the drugs the infective par-
ticles were taken up by the cells, but only
few of them underwent a slight increase in
size and a change in their staining character-
istics within 72 hours.

At concentrations 10-1000 times lower than
the dose necessary for complete inhibition,
these antibiotics still exerted a marked effect.
Under these conditions the infective particles
in the cytoplasm developed into small inclu-
sions, which appeared as irregularly formed
masses, and took a blue violet stain with
Giemsa and appeared red after staining with
acridin orange. In concentrations of the
drugs approaching the lower limit of effec-
tiveness a small number of particles of ele-
mentary body size, which stained red with
Giemsa and green with acridin orange, were
present in the developing inclusions. The
transition from complete inhibition to the ab-
sence of any inhibition was a gradual one, cov-
ering a hundred- to thousand-fold range in the
case of tetracycline and oxytetracycline, in
contrast to chlortetracycline, where the range
was only 10-fold.

In the preceding experiments the drugs
were added to the cell cultures immediately
after infection. It was of interest to deter-
mine whether the drugs inhibited the growth
cycle of the agent when added at later stages.
For this purpose a number of experiments
were carried out with tetracycline. Micro-
scopic examination of Giemsa-stained prepa-
rations showed that the drig even when added
during the later stages of the growth cycle in-
hibited the development of infectivity. No
infectivity could be demonstrated in cultures
at 72 hours after infection to which tetracy-
cline was added as late as 35 hours after in-
fection. Even 52 hours after infection the
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FIG. 1. Effect of penicillin, tetracyecline and ori-
sul, added at different intervals after infection, on
a trachoma agent in FL cells. The cell cultures
were infected with the TE55 strain of trachoma.
Penicillin (100 u/ml), tetracycline (0.1 ug/ml) and
orisul (10 ug/ml) were added to the culture me-
dium at different time intervals after infection,
and the cultures were reincubated for 72 hr at
37°C. The cells were treated in an ultrasonie dis-
integrator and the yield of infective particles was
determined (see Methods).

drug still exerted some inhibitory effect (Fig.
1).

Chloramphenicol and erythromycin in doses
of 1.0 ug/ml also completely inhibited the
growth of the agent when added to the cul-
ture media immediately after infection. These
drugs still showed some effect in amounts of
0.01 ug/ml. Oxytetracycline and tetracy-
cline were the most effective drugs, followed
by chloramphenicol, erythromycin and chlor-
tetracycline (Table I).

The effect of penicillin differed from that
of the antibiotics mentioned above. Even in
large doses it failed to cause complete sup-
pression of the development of the agent. At
concentration of 1000-0.1 units/ml of peni-
cillin G and V the vacuoles which appeared in
the cytoplasm of the infected cells at 24-48
hours contained large irregularly formed
masses staining an uneven bluish-red with
Giemsa. Preparations stained with acridin
orange and examined by fluorescence micro-
scopy revealed that these structures took on
a red color (RNA type). In later stages of
the development green staining material
(DNA type) was seen lying next to and
around the masses. In the presence of 0.1

unit/ml a few particles of elementary body
size also appeared in a small number of the
inclusions. They became much more nu-
merous at a concentration of 0.01 unit/ml of
penicillin. At this concentration many ma-
ture vacuoles were already present. In a
number of experiments trachoma infected,
penicillin treated cultures after 72 hours in-
cubation were examined for the presence of
infective particles. For this purpose sufficient
penicillinase was added to the culture medium
to neutralize the antibiotic. No evidence of
infectivity was observed when penicillin in
concentrations of 0.1 or more units/ml had
been added to the cultures at zero time. In
the presence of 0.01 unit/ml of penicillin
many infective particles developed in the in-
clusions, but only 50% or less of the infec-
tivity in untreated controls was reached. Even
at this low concentration, penicillin showed
some obvious inhibition. The action of peni-
cillin, when added at different intervals after
infection, was also examined. Penicillin, in
a concentration of 100 units/ml, completely
prevented the appearance of infective parti-
cles when added as late as 28 hours. Addition
of the drug 35, 45 and 52 hours after infection
gave rise to 1, 10 and 50% of the maximal
yield of the controls, respectively (Fig. 1).
The inhibiting action of penicillin, like that
of tetracycline, is obviously not limited to the
early stages of the development.

The drug sulfanilamido-3phenyl-2pyrazole,
like penicillin, did not completely inhibit the
development of the agent even when large
doses (100 pg/ml) were employed. Small
vacuoles developed which contained a small
number of particles staining red with acridin
orange. In some vacuoles a few yellow-green
colored particles were also visible. However,
on transfer of such cultures to fresh monolay-
ers infectivity could not be demonstrated. In
infected cultures, treated with 10 ug/ml of
the drug, the vacuoles which developed were
filled with a somewhat larger number of par-
ticles staining partly red and partly yellow-
green with acridin orange. At this concen-
tration of the drug, infectivity could be dem-
onstrated as shown by transfer to fresh cul-
tures. Mature inclusions appeared in the
presence of 1 pg/ml, although they were still
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smaller in size than in untreated control cul-
tures.

It was also of interest to determine the ac-
tion of the sulfa drug when added at different
intervals after infection. Complete inhibition
was observed when the drug was added dur-
ing the first 12 hours after infection. When
added at 20 and 32 hours after infection 4.4%
and 32%, respectively, of the yield reached
in untreated controls, after 72 hours, were
obtained. At 45 hours and later the drug was
without effect (Fig. 1). The action of the
sulfa drug was more time limited than that
of tetracycline and penicillin.

The partial inhibition by 10 ug/ml of the
sulfa drug could be completely reversed by
addition of 1 pg/ml PABA, 10 ug/ml folinic
acid or 100 pg/ml folic acid to the culture me-
dium. Smaller amounts were without effect.
These findings indicate the importance of the
folic acid complex for development of the
agent. It is in agreement with these results
that aminopterin in amount of 1 pg/ml in-
hibited the agent. The effect could be com-
pletely reversed by 10 ug/ml of folinic acid.
In the presence of aminopterin small vacuoles
developed, which contained some early non-
infective stages of the agent.

Discussion. Use of cell cultures instead of
fertilized eggs or experimental animals as an
assay system for evaluation of antitrachoma-
tous drugs has several advantages. The ef-
fect on the agent can at every stage be deter-
mined by direct microscopic examination.
The minimal inhibiting doses are 10-100 times
smaller in cell cultures than those reported
from experiments in which eggs or white mice
(1,2,3,4,5,6,7) were employed. A partial in-
hibitory effect can be demonstrated in still
lower doses. For preliminary screening of
drugs for antitrachoma effects cell cultures are
well suited, even though the doses used for
treatment of patients will always be sub-
stantially above those effective in laboratory
tests, as has been pointed out before(4).

The drugs streptomycin, bacitracin and
neomycin, did not exert an inhibitory effect
on the development of the T’ang strain of
trachoma, even when concentrations as high
as 1000 pg/ml were employed. The slight
inhibitory effect of streptomycin, at a concen-

tration of 64 pg/ml, on trachoma agents eul-
tivated in chick endothelial cells reported by
Gordon and Quan(17) was not observed un-
der our conditions. The absence of any
antitrachomatous activity of bacitracin and
nystatin reported by these authors was con-
firmed. Our experiments show that neomycin
can be added to the antibiotics without anti-
trachoma effect.

Of the 6 other antibiotics tested, tetracy-
cline and oxytetracycline were the most ef-
fective. It was shown that tetracycline pre-
vented further development of the agent even
at late stages of its cycle. The present ob-
servations do not explain the mechanism of
action of these substances.

Penicillin proved inhibitory in our experi-
ments when used in concentrations as low as
0.1 unit/ml. Under these conditions abnor-
mal inclusions appeared and no infective par-
ticles developed. This finding is not in agree-
ment with those of Pollard and Tanami(18)
that only partial inhibition was obtained
when concentrations of 100 units/ml were
employed. Penicillin resembled tetracycline
also in inhibiting at the later stages of the de-
velopmental cycle.

Examination of acridin orange stained
preparations revealed that in the presence of
penicillin both RNA and DNA containing
materials were synthesized inside the inclu-
sion but incorporation into well defined struc-
tures was not accomplished. Observations
with the electron microscope(11) have shown
that the failure of the agent to complete its
developmental cycle in a normal manner in
the presence of penicillin is apparently due
to a disturbance in formation of the mem-
branes inside the inclusions, which are neces-
sary for the appearance of the infective par-
ticles. It is of interest that formation of the
outer membrane of the inclusion was not in-
hibited by penicillin, suggesting that it may
be of a different composition than the mem-
branes of the inner bodies. In bacteria peni-
cillin was found to inhibit cell wall synthesis
(19). The inhibitory effect of penicillin on
formation of membranes of certain develop-
mental stages of the trachoma agent suggests
the presence of similar compounds in these
structures.
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The sulfa drug sulfamido-3phenyl-2pyra-
zole when added in doses of 100 pg/ml re-
sembled penicillin in preventing the appear-
ance of infective particles without completely
inhibiting the developmental cycle. The drug
completely inhibited the formation of infec-
tive particles when added during the first 12
hours after infection. It behaved in this re-
spect differently from penicillin and tetracy-
cline which also inhibited at later stages. In
the presence of 10-100 times smaller doses the
infectivity titer was still much lower than in
untreated control cultures. The inhibiting
effect could be reversed by simultaneous ad-
dition of PABA, folinic or folic acids. These
findings are in complete agreement with the
classical experiments of Morgan and his as-
sociates(20,21,22), who showed that the in-
hibiting effect of sulfadiazine on the agent of
psittacosis could be similarly reversed. Pol-
lard and Tanami(18) did not observe an in-
hibiting effect of sulfanilamide on the T’ang
strain of trachoma in cell culture, possibly
because they carried out their experiments in
another cell line grown in medium 199,

The importance of folic acid compounds
for development of the agent finds additional
confirmation in the inhibiting effect of amin-
opterin and its competitive reversal by folinic
acid observed in the present experiments.
These findings are consistent with the reports
of Colon(23) and Colon and Moulder(24) on
the presence of folic acid synthesizing enzyme
in elementary bodies of psittacosis virus and
on the synthesis of folinic acid in tissues in-
fected by the agent. The function of folic
acid compounds is obviously connected with
the intensive nucleic acid metabolism of
these agents, which in the course of their de-
velopment synthesize large amounts, first of
RNA and then of DNA containing material
(11,25). The sequence of these syntheses
forms a fascinating object for further bio-
chemical studies.

1t can also be inferred from these results
that the agent of trachoma, in its behavior to
antibiotics and sulfa compounds, closely re-
sembles other members of the psittacosis
lymphogranuloma group(26).

Summary. FL cell cultures infected with
the T’ang strain (TES55) of trachoma have

been used to evaluate the effect of a number
of antibiotics and a sulfa drug. Complete in-
hibition was observed by doses of 0.1 pg/ml
of tetra- and oxytetracycline. Chlorampheni-
col, erythromycin and chlortetracycline were
effective in 10-100 times higher doses. Peni-
cillin prevented the appearance of infective
particles in doses of 0.1 unit/ml. Lower
doses of the antibiotics showed a partial in-
hibiting effect. Both penicillin and tetracy-
cline also inhibited the agent when added in
the later stages of its developmental cycle.
The sulfa drug sulfanilamido-3pbenyl-2pyra-
zole prevented the appearance of infective
particles in doses of 100 ug/ml. Its inhibi-
tory effect was limited to the early develop-
mental stages of the agent, and could be re-
versed by PABA, folinic and folic acid.
Aminopterin, like the sulfa drug, inhibited
the agent at an early stage of development.
No inhibition was observed when large doses
of streptomycin, bacitracin and neomycin
were employed.
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A Regulated Incubator Controlling CO, Concentration, Humidity and
Temperature for Use in Animal Cell Culture.* (27707)

Ricuarp G. Ham anp THEODORE T. Puck
Department of Biophysics, Florence R. Sabin Laboratories, University of Colorado Medical
Center, Denver

Clonal plating of mammalian cells requires
regulation of temperature, humidity and CO,
concentration within narrow limits. Although
small experiments can be carried out in sealed
desiccators or plastic bags containing appro-
priate gas mixtures, operation on a larger
scale requires an incubator which can be
opened and closed repeatedly without fluctua-
tions in temperature or gaseous composition.

An incubator which is continuously flushed
with a humidified carbon dioxide-air mix-

ture has been described elsewhere(1), and has .

been successfully employed for several years.
However, such incubators depend on a con-
stant rate of delivery of clean, compressed
air, which is frequently not available, More-
over, even with the highest rates of gas flow
which are practicable, recovery of the steady
state conditions after opening of the incubator
door is slow enough to cause serious difficulties
in a heavily used incubator.

For these reasons, a new incubator was de-
signed, in which the CO, concentration is
continuously monitored, and pure CO, is in-
jected automatically as needed to maintain
the desired level. Water vapor is continu-
ously supplied by a humidifier located inside
the incubator. The arrangement is illustrated
in Fig. 1 and 2.

* This work was supported by grants from The
National Foundation and Damon Runyon Memori-
al Fund for Cancer Research, Inc.

Principle of operation. Carbon dioxide
concentration is monitored by measuring the
pH of a standardized sodium bicarbonate so-
lution through which gas from the incubator
is continuously passed. The pH meter oper-
ates a switching circuit which causes the in-
jection of additional CO, whenever the con-
centration falls below a predetermined level.

The following equipment is needed for con-
struction of the carbon dioxide control appar-
atus shown in Fig. 2. (The apparatus as
shown is designed for use with a double-door,
water jacketed incubator with 2 thermometer
ports in its top, and with sufficient space be-
tween its left and right side shelves for the
blower duct system. Application to other in-
cubators will require some alteration of the
design. The numbers refer to the location of
items in Fig. 2.)

1. “Standard” tank of liquid CO, (delivers
gaseous CO:), National Cylinder Gas Medical
Grade, or equivalent.

2. Two stage automatic regulator. Mathe-
son No. 8, with No. 320 connection.

3. Low pressure shutoff valve (supplied as
part of item 2).

4, Solenoid valve. Skinner V52DA2100 or
equivalent. Normally closed. 4”” NPT con-
nections,

5. Combination needle valve and flow
gauge. Hoke style 993, with meter 2142. 0.2
- 1.5 Lp.m,, calibrated for COs.



